The inflationary phase of the Universe is explored by proposing a toy model related to the scalar field, termed as inflaton. The potential part of the energy density in the said era is assumed to have a large constant vacuum energy density part and a small variable part containing the inflaton. The prime idea of the proposed model is based on the fact that the inflaton is the root cause of the orientation of the space. According to this model the expansion of the Universe in the inflationary epoch is not approximately rather exactly exponential in nature and thus it can solve some of the fundamental puzzles, viz. flatness and horizon problems. It is also predicted that the constant energy density part in the potential may be associated to the dark energy, which is eventually different from the vacuum energy, at least in the inflationary phase of the Universe.
The cosmology based on an elegant idea that our Universe was started to be expanded from a spacetime singularity, known as Big Bang cosmology. The discovery of the Cosmic Microwave Background [1] abandoned the idea of the Steady State theory of the Universe [2] [3] [4] . Moreover, the data observed in the 'Supernova Cosmology Project (SCP)' [5, 6] and the 'High-z Supernova Search Team (HST)' [7, 8] show that presently the Universe is not only expanding but also accelerating. Both of the groups concluded that their results are sensitive to a linear combination of 0.8Ω M − 0.6Ω Λ (SCP) and 1.4Ω M − Ω Λ (HST), where Ω M and Ω Λ being respectively the cosmic matter and vacuum energy densities. The negative sign in the linear combination signifies that the matter and vacuum energy have opposite effects on the cosmological acceleration. A positive vacuum energy causes to accelerate the expansion, while the matter tends to slow it down. The high density vacuum energy eventually wins over the matter and makes the Universe to be expanded with an acceleration. Such vacuum energy, characterized by the negative pressure p ≃ −ρ, is interpreted as dark energy, constituting 73 percent of the content of the present Universe [9] .
During early age the Universe was solely filled up with this vacuum energy. The scale factor a(t) grew exponentially so that the ratio of the vacuum energy density would rapidly be approaching towards the critical density at this era. Such phenomenon of exponential expansion is called inflation. It was Guth who first proposed such inflationary model [10, 11] to fix up 'monopole problem'. It was soon observed that the inflation could solve other long-standing problems, such as 'flatness problem' and 'horizon problem' also. Guth proposed that the scalar fields might get caught in the local minimum of some potential, and then rolled towards a true minimum of the potential. Kazanas suggested [12] that an exponential expansion could eliminate the particle horizon. According to Sato [13] exponential expansion would be able to eliminate domain walls, another kind of exotic relic. Einhorn and Sato [14] argued that their model could solve 'magnetic monopole puzzle'. It was then realized that Guth's model of inflation had fatal problem as the transition from super cooled initial 'false vacuum' [15] [16] [17] [18] to the lower energy 'true vacuum' cannot occur everywhere simultaneously [19, 20] . The Guth version of inflation theory was then necessarily replaced by a new type 'slow roll inflation' theory [21] [22] [23] . A scalar field, called 'inflaton' was introduced to explain such phenomenon. Coleman and Weinberg [24] introduced the symmetry breaking mechanism to the new inflation model. In the inflation theory Linde [25] added a new dimension by introducing the 'chaotic inflation' in which initially one or more inflaton fields vary in a random manner with positions. Linde [26, 27] also proposed the theory of 'hybrid inflation' theories by introducing more than one scalar fields.
In cosmology essentially inflation is nothing but a rapid exponential expansion of the early Universe by a factor of at least 10 78 in volume, driven by negative pressure. The detailed particle physics mechanism behind such phenomenon is still unknown to the researchers. It is also a super cooled expansion, when the temperature drops down from 10 27 K to 10 22 K, although exact drop of temperature is model dependent. Such relatively low temperature is maintained throughout the entire inflationary phase and at the end of inflation the reheating occurs to attain the pre-inflationary temperature.
In the present article our motivation is to propose a new kind of inflation model based on the scalar potential with decreasing kinetic energy. The vacuum energy is assumed to consist of a large constant part along with a small slowly varying part. The constant part would generate an exponential expansion, whereas the variable part of the vacuum energy density could be responsible for solving the flatness problem. In a nutshell, therefore, we are strongly motivated by the idea that during inflationary age the expansion is strictly, but not approximately, exponential in nature.
Therefore we consider a scalar field φ, known as the inflaton, along with a potential V (φ) to take part to vary the vacuum energy. At this stage of expansion the Universe is assumed to be filled up with such vacuum energy (which is also considered to be the 'dark energy'). The expression of the vacuum energy density as well as vacuum pressure in presence of a spatially homogeneous inflaton φ in the Robertson-Walker spacetime becomes [28] 
which must be derived from the expression of the generalized energy-momentum tensor
(2) Such energy-momentum tensor is slightly different from that of the constant vacuum energy T µν , which is proportional to the g µν in the general coordinate system according to the Lorentz invariance condition. The proportionality of T µν to g µν corresponds to the condition of negative pressure as p = −ρ, but by the introduction of inflaton such condition is deviated as neither pressure nor density remains constant, even in the inflationary era. This is to be noted that the present article deals only with the period of inflation; the change of density due to radiation or matter has not been discussed here. Under the circumstances it is assumed that the value of |φ| is maximum at the beginning of the inflation, but of course the conditionφ 2 ≪ V (φ) must be satisfied. Now the important issue is what should be the expression of V (φ). Let us, as a check, consider the expression of potential in the following form:
It looks like the potential of the massive scalar field along with a constant term ρ Λ , which should be much larger than the term 1 2 m 2 φ 2 . The idea behind to introduce such potential is that it should be analogous to the vacuum energy density if there is no inflaton field at all. Now, let us recall the Friedman equation in presence of inflaton, which yields following two equations:
Here H represents the Hubble constant and m is the mass of inflaton field, whose relation to the Hubble constant is to be established. It is already mentioned that we are strongly motivated by the idea that during inflationary age the expansion is strictly exponential in nature. As a consequence the Hubble constant can be given by
which leads to an important relation
This may be considered very important in view of generating the exact exponential expansion during the inflationary era. Eq. (6) shows that the Hubble constant is a 'true constant' for a constant G, whereas Eq. (7) indicates that the inflaton field corresponds to the curvature of Universe. Now, the Hubble constant yields
where, a 0 is the initial value of a, i.e., the value of scale factor at the beginning of inflationary era. It may be assumed that the value of a, smaller than a 0 , corresponds to the quantum age. In other words, quantum mechanics takes a leading role in the age between a = 0 and a = a 0 . Let us now try to solve Eq. (4). Since H is exactly a constant then the expression for potential can easily be obtained as
To have a simplified expression of φ we need to exploit the relation given by Eq. (7) in which the whole bracketed factor a 2 (φ 2 + m 2 φ 2 ) is constant. Again in the scenario of constant H, the scale factor is proportional to e Ht as can be seen in Eq. (8) . Therefore, to keep the constancy of a 2 (φ 2 + m 2 φ 2 ) the termφ as well as φ must be proportional to e −Ht . This is possible only when in Eq. (9) one assumes B = 0 (with A = φ 0 , where φ 0 is initial value of φ) and also the following relation is satisfied:
Thus a simple relation between Hubble constant and mass of the inflaton is established (considering positive value of mass). This readily implies that Hubble constant is related to the inflaton field. Now, utilizing Eq. (10) into Eq. (7) one can deduce another relation, say
According to this model therefore the inflaton field is inversely proportional to the scale factor, i.e., as the Universe expands exponentially the inflaton field falls down in the same rate, which implies
where c k represents the proportionality constant. Now, the equation (11) may also be expressed as
where c p stands for the ratio of the mass of inflaton to the Plank mass. From Eq. (13) it is quite clear that k = 0 if m = 0. This implies that the Universe is spatially flat throughout the inflation era only when there exists a massless inflaton field which is not possible physically.
On the other hand, if there is a inflaton field having nonzero mass then the space is either open or closed, but never be flat. We note that Eq. (11), as well as Eq. (13), shows a relation between the spacetime geometry and inflaton field. This readily solve the flatness problem and yields an exact exponential expansion. Now, let us estimate the constant term ρ Λ arising in the expression of the potential function V (φ). Such term is much more greater than 1 2 m 2 φ 2 . The estimation can be made from two flatness conditions:
These two flatness conditions are required to ensure the slow roll of both φ andφ. Inserting the expression of V (φ), given by Eq. (3), into those flatness conditions a couple of conditions is obtained:
To ensure the flatness conditions both of the above equations are to be satisfied. Such flatness conditions not only ensure the potential term being much more greater than the kinetic part, but it also justifies that the constant part of vacuum energy density would be much more greater than the variable part arising due to the presence of slowly rolling inflaton.
The number of e-foldings can be calculated as
where, T is the total inflation period. Thus it can be predicted that the number of e-foldings are directly proportional to the time period through which the inflation elapses. To have a large number of e-foldings therefore the time period of the inflationary phase is to be large enough. The minimum amount of inflation required to solve the various cosmological problems is about 70 efoldings, i.e. an expansion by a factor of 10 30 . The total number of e-foldings inflation described by this model will exceed the number depending on the period of inflation. Therefore, one can lead to the following relation
Thus it can easily be concluded that if the mass of the inflaton field and so the Hubble constant is small enough the total time period of inflation is long.
To this end, let us critically discuss how the present model is advantageous compared to the earlier models. It has already been mentioned that the Guth's model of inflation [10, 11] had problem that the transition from the 'false vacuum' [15] [16] [17] [18] to the 'true vacuum' does not occur everywhere at a time. Linde's version could able to get rid of such drawback and well explain 'flatness' and 'horizon' problem.
It is to be kept in mind that in principle the expansion is exponential during the inflationary phase of the Universe, however, the Linde's model [21, 22] proposed an approximate nature of such exponential burst. On the other hand, the model proposed in the present article could explain the exact nature of exponential expansion. That model also shows that in the inflationary era Hubble constant evolves out of the inflaton mass. Thus for a massless inflaton field the Hubble constant becomes zero, leading to a contradiction that the expansion does not occur at all. This fact must abundance the theory of flat Universe, at least at the age of inflation, as according to Eq. (13) massless inflaton field results k = 0.
In the framework of the proposed model an important relation is deduced in Eq. (13) . The left hand side of the said equation contains the terms representing the dynamics of the expansion, whereas the right hand side stands for the spacetime geometry. Followed by Eq. (13) it is quite evident that in Eq. (5) contribution of the term associated to k is cancelled out. This is to be interpreted as the expansion of the Universe at this stage is independent of the orientation of the space, i.e. whether the space is open, closed or flat. In other words, flat or curved Universe does influence the inflation only by the non-zero mass of inflaton. In case of flat Universe the inflaton field becomes massless whereas in case of open or closed Universe the massive inflaton field makes the Universe flat in that stage. Thus the presence of inflaton field not only fix the 'flatness problem', but it may also be interpreted that the origin of the inflaton is solely responsible for the orientation of space. Now, another important point regarding the potential is to be discussed. According to the present model φ as well asφ diminish exponentially with time and hence ρ φ,φ . Eventually ρ φ,φ vanishes when t is large enough. This is quite uncomfortable situation as it implies the inflation could take pretty long time to be completed. To get rid of this situation it may be assumed that ρ φ,φ need not vanish rather would reach to a minimum value ρ min at the end of the inflationary phase. After that ρ φ,φ decays into standard model particles including the electromagnetic radiation, resulting the 'radiation dominated' phase. It is to be noted that all the particles at this stage remain massless. Some of these may get mass through spontaneous symmetry breaking. The process of decaying ρ φ,φ into the particles might take place through parametric resonance [29] , which is a mechanical excitation and oscillation at certain frequencies.
The density ρ of the Universe at this stage can be divided into two parts: the variable part ρ φ,φ and the constant part ρ Λ . This constant part ρ Λ does not take part in the dynamical change of the Universe. Now one can interpret such energy ρ Λ as the widely discussed 'dark energy'. The dark energy identified in this manner is different from the vacuum energy consisting of both ρ φ,φ and ρ Λ in the inflation era. With a minimal prediction one must conclude that the dark energy, arising by the introduction of cosmological constant, is different from vacuum energy even beyond the inflationary age, if quintessence effect [30] has not been taken into account.
To summarize, the basic philosophy behind the present paper is to explain the exact nature of exponential expansion in general. However, specifically the investigation provides the following novel features:
(i) The model shows that in the inflationary era Hubble constant, an exact constant, evolves out of the inflaton mass. In the earlier works [21, 22] it was proposed as an approximate nature of such exponential burst.
(ii) It can also be predicted that the number of efoldings are directly proportional to the time period through which the inflation elapses. To have a large number of e-folding the time period of the inflationary phase is to be large enough. According to this model if the mass of the inflaton field and so the Hubble constant is small enough the total time period of inflation is long.
It has already been shown that the proposed model can explain the flatness as well as the horizon problems. However, there is a great issue of monopole. It seems that at this stage monopole problem cannot be tackled by the model as it is fixed through the process of reheating after the inflationary phase. This is therefore beyond purview of the present work.
